AD-754  666 


EFFECT  OF  REVERSIBILITY  ON  EXOEMISSION 
AND  CORROSION  OF  STEEL 

V .  D.  Evcokimov  ,  et  al 

Foreign  Technology  Division 
VVright-Patterson  Air  Force  Base,  Ohio 

26  December  1972 


r 


DISTRIBUTED  BY: 


National  Technical  Inform?  tion  Service 
U.  S.  DEPARTMENT  OF  COMMERCE 

5285  Port  Royal  Road,  Springfield  Va.  22151 


AD  ?5 466 


FTD-HT-23-1411-72 


FOREIGN  TECHNOLOGY  DIVISION 


EFFECT  OF  REVERSIBILITY  ON  EXOEMISSION 
AND  CORROSION  OF  STEEL 


V.  D.  Yevdokimov  and  V.  I.  Ryaboshapchenko 


iL-*  . “ . rl! 

I U'  fEB  6  1973  ij 


,Ib0EU  U 

E 


Best  Available  Copy 


Reproduced  by 

NATIONAL  TECHNICAL 
INFORMATION  SERVICE 

U  S  Deportment  of  Commerce 
Springfield  VA  22191 


Approved  for  public  release; 
distribution  unlimited. 


70 


EDITED  TRANSLATION 


FTD-KT-23-1^11-72 

EFFECT  OF  F.EVERS  I E I  LI  TV  OH  EXOEVISflO::  A!. 'I 
CORROSION  0?  STEEL 

By:  V.  Z.  Yevae/.ir.:v  ana  V.  I.  r.ya'c ; sha? cher./.: 
English  pages:  7 

j  <  “  ■*  ■*  Vi*  J  **•■?  :*  r,  "ft  k  “  —  *  Vsr  av»  *  <i,  *  /»  •• 

:.'C.  -,  1971,  pp.  142-1--. 

Requester:  AST 
Translated  'ey:  M .  Claechea 


THIS  TRANSLATION  IS  A  RENDITION  OF  THE  ORIGI* 

NAL  FOREIGN  TEXT  WITHOUT  ANY  ANALYTICAL  OR 

EDITORIAL  COMMENT.  STATEMENTS  OR  THEORIES 

PREPARED  BY: 

ADVOCATEDOR  IMPLIED  ARE  THOSE  OF  THE  SOURCE 

AND  DO  NOT  NECESSARILY  REFLECT  THE  POSITION 

TRANSLATION  oivision 

OR  OPINION  OF  THE  FOREIGN  TECHNOLOGY  Dt» 

FOREIGN  TECHNOLOGY  OIVISION 

VISION. 

WP.AFB,  OHIO. 

FTD-HT- Best  Available  Copy  Date/:  19-: 

Au 


mmuuk 


DOCUMINT  CONTROL  DATA  RAD 

■<  ■i  /iir  tlaiiltltaju*  *1  ml*.  f*r  •/  •htttri  and  Inlttlm  annatttion  rruii  >,  *nttr»J  *h»r>  tht  avirsli  upon  <»  >•>«.»«, 


•fi.  t*,«  TeTTvTrTTRvSSf^MSS^ 

*  <  rel<rn  Technology  Division 

Air  Force  Systems  Command 
!  .  i' .  Air  Force 


lit  mtmnttt  *itl.B 


14.  ftlPOIIf  ICCV**TV  CLA$Uki<  t  *  - ‘ft 

Wl  CLASH! PIET 


a*.  o*ou* 


)  i»PBCT  0?  PSVERS1BILITY  0!i  Sf  10*1  A*1P  CCFP.OSZOK  0"  STKE! 


4.  e*»T*  •*.**•'«  A#orBtriy^o#lMp«r«  m4§mlmi*9 

mans  lation _ 

.  i*  "•T  r  »• .  ■'"(Ti777»J»  nSmZ  *7337  TZfflST,  jtti  mmi 


jp,  Yevdokimov,  V,  I,  P.yaboshanchenko 


Atl»^»T  OAT*  *’ 

1071 

t 

7 

i*.  f.cu  *  .t*^T  AmanT  no. 

■  Hitt 

*er  no  7^5100 

FTfl-H?-? 3-1*1  1-72 

r 

4. 

4B4B  4^^(4B44<4 

i>.  O'  •  *  *H  *U  TlON  »TAT«M*NT 


Arrroved  for  rublic  release;  distribution  unlimited. 


•  tOONMOIN*  MILITANT  ACTIVITY 

Foreim  Techno  lor*/  Division 
Vfrirht-Patterson  AFB,  Ohio 

ii  SZ  ■  5JBT ( > 

■1  *5*-.  *.*<■! 

--  ,m 

The  reversing  tback  and  forth)  abrasive  friction  of  the  surface 
cf  steel  st, 3  increased  the  defects  of  this  surface  and  its 
corrosion  processes  to  a  hirher  decree  than  in  case  of  unidirectional  • 
friction.  There  was  also  a  correlation  between  the  exoelec tror. 
emission  and  corrosion  depree.  At  terns,  smaller  than  or  equal 
tc  60  decrees  the  corrosion  was  eiecrrocnc** ,  in  nature  and  the 
oxidized  film  on  the  steel  consisted  cf  ve.  :ut  and  an  intermediate 
product,  Fe(QK?*9  as  well  as  an  adsorbed  liver  of  \\? 0,  At  temps.  ' 
larrer  than  or  eoual  to  60  derrees  the  H,c  evand.  at  an  >, 

accelerated  rate.  At  temps,  larper  thar/'cr  equal*  to  105  deprees 
mas ecus  corrosion  took  Place,  At  terns,  smaller  than  or  enual 
to  305  derrees  a3  the  thickness  cf  the  oxidized  film  decreased 
tv*  t'xoemission  increased.  However  at  temrs,  larrer  than  or  \ 

f**»ual  to  105  derrees  this  trend  decreased  because  cf  the  increased  * 
wort:  function  of  electrons  as  a  consequence  cf  the  formation  of 
*»  double  elec,  laver  with  the  ne.~.  side  directed  towards  the  atr.  ( 
ArfOB71^ 
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EFFECT  OF  REVERSIBILITY  ON  EXOEMISSION 
AND  CORROSION  OF  STEEL 


V.  D.  Yevdokimov  and  V.  I.  Ryaboshapchenko 
(Odessa) 

It  has  been  shown  experimentally  that  in  a  reverse  treatment 
of  a  surface  the  intensity  of  exoemission  rises  and  there  is  an 
increase  in  the  rate  of  steel  corrosion.  This  pattern  is  also 
observed  in  heating  specimens,  where  we  see  the  characteristic 
inflections  of  the  corrosion  and  exoemission  curves,  explained  by 
the  transition  of  electrochemical  corrosion  into  gas  corrosion. 

The  intensification  in  the  processes  during  reverse  treatment  is 
explained  by  the  increased  defectiveness  of  the  surface  layers. 

In  the  above  works  [1-3]  it  was  shown  that  the  intensity  of 
exoelectron  emission  from  the  surface  of  metals  under  friction 
depends  on  the  reversibility  of  slip.  The  observed  increase  in 
exoemission  during  reverse  friction  was  explained  by  going  back  to 
the  dislocation  concepts  on  the  deformed  structure  of  working 
surfaces  and  was  studied  with  consideration  of  the  prevailing 
chemisorption  of  oxygen  in  local  concentrations  of  defects.  Here, 
the  surface  which  was  mere  developed  from  the  defect  standpoint 
should  after  reverse  friction  be  more  intensely  oxidized  than  a 
metal  surface  after  unidirectional  friction  [2,  3]- 
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Table  1.  Oxidizibility  of  steel  in 
air  at  20°C. 
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KEY:  (1)  Time  of  oxidation,  min;  (2) 

O 

Film  thickness  (A);  (3)  unidirec¬ 
tional;  (4)  reverse. 

s 

Presented  in  this  report  are  experimental  data  by— the-aubhcrs 
on  the  effect  of  reverse  abrasive  friction  on  the  initial  oxidation 
stage  of  steel  and  on  exoelectron  emission.  The  study  on  exo¬ 
emission  with  specimens  in  the  form  of  rings  measuring  60  *  50  x 
x  15  mm  of  steel  25  was  performed  on  the  unit  described  in  [1,  3]; 
the  change  in  the  thickness  of  the  oxide  film  was  measured  by  the 
optical  polarization  method1  £43  using  a  goniometer.  The  steel 
surface  was  first  cleansed  with  sandpaper  to  a  class  6  finish 
under  identical  [1]  unilateral  and  reverse  friction.  Here  the 
initial  surface  properties  of  the  steel  remained  identical,  since 
the  specimens  were  produced  from  a  single  rod  and  together  under¬ 
went  mechanical  and  thermal  processing  with  metallographic  moni¬ 
toring  and  microhardness  measuring. 
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Table  1  shows  experimental  data  on  the  oxidation  of  steel  25 
in  air  at  20°C.  Reverse  treatment  of  the  steel  surface  increases 
its  ability  to  resist  corrosion.  It  was  interesting  at  the  same 
time  to  study  the  effect  of  the  heating  temperature  of  the  speci¬ 
mens  on  exoemission  and  corrosion.  Measurements  for  exoemission 
and  thickness  of  the  oxide  film  were  taken  under  continuous  heating 


*V.  Ye.  Tolkachev.  Study  of  atmospheric  corrosion  of  several 
metals  and  alloys  using  the  optical  polarization  method.  Doctoral 
dissertation.  Odessa  Technological  Institute,  1965. 


FTD-HT-23-li<ll  -72 


2 


of  the  circular  specimens  in  a  specially  designed  apparatus.  The 
results  obtained  are  shewn  in  the  figure,  where  curves  1  and  2 
correspond  to  steel  corrosion  in  the  case  of  unidirectional  and 
reverse  friction,  respectively,  while  curves  3  and  4  refer  analo¬ 
gously  to  emission. 


£,um/a* 


Effect  of  heating  temperature 
of  specimens  on  exoemission 
and  corrosion. 

Designation:  Hnn/cen  =  imp/s. 


The  experimental  data  of  curves  1-4  were  processed  statistically 

for  the  purpose  of  establishing  a  meaningful  difference  [5].  The 

results  of  calculations  for  averaging  the  curves  are  reduced  in 

2 

Table  2,  where  the  following  designations  are  used:  SQ  —  dispersion 

2 

associated  with  the  random  factor  in  the  observations;  ST  -  overall 
sampling  dispersion  of  all  observations  associated  with  the  influ¬ 
ence  of  factor  T°C  and  with  the  random  factor  in  the  observations; 

F  =  S^/Sq  —  the  Fisher  distribution  criterion  with  degrees  cf 
freedom  ^  »  k  -  1  and  f2  =  k(n  -  i);  n  -  a  number  of  parallel 
observations  (n  =  5);  k  —  levels  of  temperature  change  (11  points); 

P  —  reliability  of  average  curve  at  different  levels  of  temperature 
change. 

The  significance  analysis  which  was  conducted  gives  us  the 
right  to  switch  toXa  comparison  of  curves  1,  2  and  3,  4  (the 
figure)  using  the  Student  criterion  to  establish  the  effect  of 
friction  reversibility  on  the  magnitude  of  change  in  exoelectron 
emission  and  the  degree  of  oxidation  of  the  steel  surface.  For 
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Table  2.  Results  of  statistical  calculation  of 
curves  (figures). 
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this  we  found  the  mean  value  of  curve  deviations  for  unidirectional 
and  reverse  friction  for  all  levels  of  factor  T°C  from  formula 

ft 
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Here  is  the  difference  between  deviations  in  the  values  of 
exoemission  and  the  thickness  of  the  oxide  layer  for  reverse  and 
unidirectional  friction,  respectively,  at  each  level;  k  —  the 
number  of  temperature  levels  at  which  measurements  were  taken  of 
exoeraission  and  thickness  of  the  oxide  film.  After  the  average 
deviation  value  of  the  curves  was  found  the  dispersion  of  quantity 
K  was  determined 


•-±1/  2  (4| -*«*(*-« 
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Based  on  the  Student  criterion  t  [53  the  significance  of 
deviation  H  was  found  as  t  =  K/m  for-  the  number  of  degrees  of 
'  eedom  f^  =  k-1.  As  a  result  it  was  learned  that  for  exoemission 
t  =  4.8,  while  for  oxidation  t  *  11.  At  these  values  of  the 
Student  criterion  the  reliability  of  the  effect  of  reverse  friction 
in  relation  to  unidirectional .friction  on  the  magnitude  of  change 
in  exoemission  is  equal  tc  99.02,  to  99-9%  for  oxidation. 

Now  let  us  turn  to  the  data  shown  in  the  figure.  When  reverse 
treated  specimens  are  heated  we  observe  an  increase  in  the  intensity 
of  exoemission  (curve  4)  and  corrosion  (curve  2)  as  compared  to 
unidirectional  treatment  (curves  3  and  1),  which  is  explained  by 
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tne  greater  defectiveness  of  tne  surface  after  tne  reverse  i rict.c 
[£ ]  with  its  increased  lattice  energy  and  altered  work  function. 
These  curves  have  a  characteristic  inflection  point  at  a  temperature 
on  the  order  of  1C5°C.  Up  to  this  temperature  the  optical  method 
was  used  net  only  to  measure  the  thickness  of  the  oxide  film,  which 
has  a  complex  structure  consisting  of  magnetite  Fe^O^  and  the 
intermediate  oxidation  product  —  iron  hydroxide  Fe(OH)-,  but  to 
determine  along  with  it  the  thickness  of  the  adsorbed  water  film. 
Starting  at  60°C  the  water  is  intensely  evaporated,  and  this 
process  is  extreme  at  a  drying  temperature  on  the  order  of  105°C, 
after  which  gas  corrosion,  not  electrochemical,  begins  to  develop. 
Corresponding  to  the  least  thickness  of  the  film  in  curves  1  and  2 
is  the  maximal  excemissicn  (curves  3,  4).  It  is  evident  that  the 
thermostimulation  of  the  electrons  by  heating  of  the  specimens  and 
the  exothermic  reaction  of  iron  oxidation  competes  successfully 
•with  the  protective,  screening  properties  of  the  film  of  oxide  and 
water,  as  reflected  in  the  increased  exoemission.  However ,  after 
105°C  the  screening  effect  of  the  oxide  film  becomes  more  noticesb 
with  an  increase  in  thickness,  the  exveleotrcns  begin  to  be 
absorbed  by  it,  and  the  intensity  of  emission  decreases. 

In  explaining  the  obtained  data  we  should  consider  not  only 
the  change  in  the  total  thickness  of  the  oxide  ana  water  film  and 
Its  screening  role,  but  also  the  physicochemical  effects  on  the 
interface  with  the  metal.  Actually,  the  electron  exchange  during 
the  process  of  chemical  adsorption,  in  which  the  molecules  of  wate 
vapor  from  the  air  or  directly  from  the  oxygen  atom  on  the  metal, 
has  a  different  direction  [7]-.  Since  at  low  temperatures  up  to 
105°C,  when  on  the  metal  surface  moisture  is  condensed  and  the 
adsorption  of  oxidizing  molecules  of  is  accompanied  by  a  bond 
with  the  metal  through  the  oxygen  atom,  there  occurs  a  transfer  of 
oxygen  electrons  to  the  metal.  In  this  case  the  surface  layer 
acquires  a  positive  charge  and  the  worx  function  decreases.  The 
decrease  in  the  work  function  causes  electron  emission. 
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When,  however,  the  moisture  is  evaporated  from  the  surface  of  < 

the  metal  gas  corrosion  begins  to  develop.  Here  we  observe  a  transi¬ 
tion  of  electrons  from  the  metal  to  the  oxygen  with  the  formation 
of  a  double  electric  layer,  whose  negative  surface  is  directed 
toward  the  atmosphere.  As  a  result  of  this  adsorption  of  oxygen 
the  work  function  of  the  electrons  from  the  metal  increases  and, 
consequently,  the  intensity  of  exoemission  after  105°C  decreases, 
as  seen  in  curves  .3  and  4  of  the  figure . 

The  explanation  given  for  the  inflection  of  exoemission  curves 
during  heating  of  specimens  based  on  a  change  in  the  work  function 
of  the  electrons  is  confirmed  experimentally.  Curve  b,  showing  the 
contact  difference  in  potentials  (HPfl)  [CDF]  during  the  heating  of 
steel  specimens  in  an  air  medium  following  reverse  friction, 
obtained  by  the  vibrating  electrode  method,  shows  a  sign  change 
in  CD?  at  a  temperature  of  100-105°C.  Values  in  the  figure  are 
arranged  (despite  the  reverse  compensation  sign  of  the  potentiometer 
after  100°C)  on  one  side,  and  reflect  the  nature  of  change  in  the 
work  function.  Actually,  during  heating  (curve  5)  the  work  function 
of  electrons  from  the  surface  of  the  steel  specimen  at  first 
decreases,  then  after  the  evaporation  of  the  water  and  as  a  result 
of  the  development  of  gas  corrosion,  it  rises.  The  zero  value  of 
£(f>  before  the  sign  change  corresponds  to  the  work  function  of 
electrons  from  a  vibrating  nickel  reference. 

Thus,  the  data  above  bring  us  to  the  conclusion  that,  due  to 
the  increased  defectiveness  of  the  structure  [6],  reverse  treatment 
of  the  surface  intensifies  to  a  greater  extent  than  unilateral 
treatment  the  corrosion  processes  and  increases  the  intensity  of 
exoemission.  When  steel  specimens  are  heated  th'is  pattern  is  main¬ 
tained,  and  we  observe  a  definite  correlation  between  exoelectron 
emission  and  corrosion. 

The  presence  of  inflections  on  the  exoeraission  and  oxidation 
curves  with  an  increase  in  temperature  can  be  explained  by  the 
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_  _ _ _ _ _  _ 


competition  of  physicochemical  processes  which  occur  on  the  metal  \ 

? 

under  electrochemical  and  gas  corrosion.  Here  we  consider  the  ; 

screening  properties  of  the  film  of  oxide  and  moisture  depending 
on  their  thickness. 
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